Objectives: to compare the adequacy of nutritional support in surgical, medical and geriatric wards, and to assess correlates and prognostic implications of inadequate caloric intake. Design: prospective observational study. Setting: an acute-care university hospital. Patients: 370 patients over 70 years of age consecutively admitted to general surgery (n = 86), general medicine (n = 149) and geriatric (» = 135) wards. Method: a multidimensional assessment was performed on admission, and the average daily caloric intake was computed. The logistic regression analysis was used to characterize patients at risk of starvation, defined as a caloric intake below 40% of the estimated requirement, and of death. Results: the average daily caloric intake, expressed as mean ± SD, was 63 ± 40%, 63 ± 31% and 69 ± 34% of that required in surgical, medical and geriatric wards, respectively. Patients at risk of starvation were identified by body mass index <22 kg/cm 2 on admission [odds ratio (OR) = 1.73, 95% confidence interval (CI)= 1.33-2.24] and pre-admission dependency in activities of dairy living (OR= 1.34, 95% CI = 1.03-1.73). Mortality was independently predicted by an actual/required caloric intake ratio below 40% in the first 3 days of stay (OR -1.87, 95% CI= 1.21-2.85), pre-admission dependency in at least one activity of daily living (OR = 1.91, 95% CI= 1.24-2.94), lymphocytes <1000/mm 3 (OR= 1.71, CI= 1.11-2.64), albumin <35 g/dl (OR= 1.69, 95% CI= 1.08-2.66). Conclusions: nutritional support to geriatric patients is frequently inadequate in both surgical and medical and geriatric wards of the acute-care hospital. Malnourished and dependent patients are at high risk of in-hospital starvation. Inadequate caloric intake is a co-contributor to the risk of hospital mortality.
Introduction
Protein-calorie malnutrition is very common in geriatric and other adult patients in the acute-care hospital [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . It predicts mortality, complications, a longer hospital stay and need of care independently of nonnutritional factors [3, 4, 7] . Nutritional interventions benefit some categories of malnourished patients [11] [12] [13] [14] [15] . Despite this, nutritional problems are frequently overlooked, probably because of the inadequate nutritional education of the average physician [2] . Providing adequate nutrition is not a routine medical activity: it is as if nutritional support were less important than pharmacological or surgical therapy [16, 17] .
Whether a relationship between clinical setting (medical, geriatric or surgical ward) and quality of nutritional support exists has not been studied. On theoretical grounds, surgeons may be more familiar with nutritional problems than physicians because of the advances in nutritional perioperative support in the last two decades [18] . We decided to test this hypothesis by comparing adequacy of caloric intake in surgical, medical and geriatric wards. The study aimed also to verify whether inadequate caloric intake was a determinant of the risk of hospital mortality.
Subjects and methods

Study population
Eighty-six patients aged 70 years or older consecutively admitted to the department of general surgery of the A. Gemelli University Hospital, Rome, for elective abdominal surgery between February and December 1994, were studied. Only candidates for operations causing a moderate surgical stress, e.g. hemicolectomy or subtotal gastrectomy, were selected. The patients' records •were consulted on admission and on discharge or in the event of death, and clinical problems, type of surgical procedure and laboratory abnormalities were documented.
The following indicators of nutritional status were measured on admission and on discharge: body mass index, percent ideal weight, mid-arm circumference, serum albumin, serum haemoglobin. Mid-arm circumference was measured every 7 days if the stay exceeded 1 week.
The nutritional status was rated as fair, mildly impaired or severely impaired according to a previously reported method [7] . The assessor did not use a rigid scoring system but noted the following variables: anorexia, recent weight loss, wasting of muscle and fat, oedema, ascites and the effects of malnutrition on functional capabilities. Patients with life-threatening illnesses were considered to be malnourished only if clinical signs of malnutrition were present. The assessor ignored laboratory data. This method of rating die nutritional status has been shown to be highly reproducible and to predict both mortality and length of stay of geriatric patients in the acute-care hospital [7] .
The pre-admission performance of activities of daily living (ADL) was rated on a previously validated score: 1, independent in all ADL items; 2, dependent in 1 -5 ADL items; 3, dependent in all ADL items [7] . Cognitive and affective status on admission were explored by administering the Geriatric Depression Scale and the Mini Mental Status Examination (MMSE), respectively [19, 20] .
The energy requirement was estimated to be 1.65 times the basal metabolic rate [21] . This estimate meets die energy requirements in a relatively sedentary adult. Indeed, decreased physical activity was considered to counterbalance the effects of progressive illness and surgery on energy requirement [22] . The optimal ratio of non-protein calories to nitrogen was assumed to be 150. This ratio prevents a negative nitrogen balance in patients experiencing moderate hypercatabolism [23] . Bodi the total caloric intake and the proportion of nutrients were corrected in patients having body mass index <22 or >30 kg/cm 2 and/or diseases, such as renal failure and diabetes mellitus or requiring nutritional treatment [24] . In the event of septic complications, energy requirement was assumed to increase by 25%, and die optimal fraction of the caloric intake provided by lipids •was estimated to be 30% [24] .
Nutrient intake including enteral or intravenous supplementation was checked daily by a geriatrician and a nurse who estimated die consumed fraction of each portion. Snacks, extra servings and beverages were also recorded. Dietary information was converted in the daily caloric and protein energy intake according to the US Department of Agriculture Food Composition Tables and die Drug Product Information File [25, 26] . The average daily caloric intake was computed and expressed as a fraction of diat required.
Control population
The controls were 284 patients over 70 years of age consecutively admitted for acute medical problems to the geriatric (135 patients) and internal medicine (149 patients) wards of the same university hospital in the same period.
Clinical and nutritional assessment was performed and die nutritional needs were calculated as for the study population. The catabolic effects of the acute medical illness and of the surgical stress experienced respectively by the control and study patients were considered to be comparable because the study population did not undergo emergency surgical procedures. Patients with oedema or dehydration on admission had their nutritional assessment performed after restoration of euvolemia.
Nutritional depletion, i.e. worsening of the nutritional status during die stay, was considered to occur if mid-arm circumference at discharge or at the last periodical measurement was at least 3.6% lower dian on admission. This threshold defines die lowest limit of mid-arm circumference variation corresponding to actual variation rather than to variability intrinsic to the measurement performed by the observers (C.L. and L.F.) [17] .
Criteria of exclusion from both the study and control groups and, in parentheses, numbers of excluded patients were: incomplete dietary information (study = 4, control = 36), terminal illness (study = 1, control = 13) and morbid obesity (study = 0, control = 5). A lifethreatening disease was considered to be terminal only in the absence of any reasonable chance of survival. To provide some examples, sepsis in a cachetic patient with extensive decubitus ulcers was considered to be a terminal illness but pneumonia associated with mental impairment in a well-nourished and previously cognitively intact patient was not. The diagnoses of terminal disease and morbid obesity were made by the geriatrician by clinical judgement, history and laboratory findings available from the records. The reported consistencies of die study and control groups refer to patients definitively entered into die study.
In-hospital starvation and mortality
Statistical analysis
Data were first analysed by descriptive statistics using SPSS and BMDP software. Differences among surgical, medical and geriatric wards in the quality of the nutritional support and in the evolution of the nutritional status were assessed by comparing the ratios of the actual to the needed caloric intake, the non-protein calories to nitrogen ratios and the changes of nutritional variables from admission to discharge.
Patients were also grouped according to whether the individual ratios of actual to needed caloric intake were below the 25th percentile, ranged from the 25th to the 75th percentile or exceeded the 75th percentile of the ratio distribution. Differences in categorical variables among groups were assessed on a 3 x 2 table by the Yates corrected \ 2 test ANOVA or the Kruskall-Wallis test was used to assess differences in continuous data having or not having both normal distribution and homogeneous variance, respectively [27] . Variables significantly distinguishing groups were entered in a logistic regression analysis having starvation, i.e. a ratio of actual to needed caloric intake inferior to the 25th. percentile, as a dependent variable. The independent variable was considered to be significantly associated with the dependent one if the odds ratio differed from one and was not within the 95% confidence limits [28] .
The same procedure was adopted to identify predictors of mortality. Table 1 shows the basic characteristics of patients admitted to internal medicine, general surgery and geriatric wards. The groups were comparable in age, sex, pre-admission functional capabilities, prevalence of cognitive decline and depression. Malnutrition was equally represented in the three groups, •with a trend towards a higher prevalence of anaemia and hypoalbuminemia (serum albumin concentration <3-5g/dl), in the surgical group. Swallowing disorders severe enough to prevent oral feeding were rare but did occur on geriatric •wards. A lower index of comorbidity and a higher use of total parenteral nutrition alone distinguished the study from the control groups. However, the duration of 36 out of the 41 courses of total parenteral nutrition in surgical wards ranged from 3 to 6 days, whereas the average duration in medical and geriatric wards was 9 ± 7 days. Table 2 shows that the ratio of the actual to the needed caloric intake was nonsignificantly higher in the geriatric group, where it reached 70% versus 63.5% (medical group) and 63.0% (surgical group). A low ratio of non-protein calories to nitrogen was found in all the groups. Analysis demonstrated that this was the result of the patients' frequent refusal of foods providing mainly non-protein calories. Surgical patients had significantly lower haemoglobin and serum albumin concentrations, probably as a consequence of the surgical procedure. The nutritional status deteriorated in all groups, the mean mid-arm circumference variation from admission to discharge or to the last measurement being negative and highly significant.
Results
The main correlates of caloric intake are shown in Table 3 . Caloric intake was inversely related to age, preadmission dependency in ADL and cognitive impairment on admission, and directly to body mass index. Hypoalbuminaemia and co-morbidity, as expressed by Table 4 shows that a caloric intake below 40% of the required, pre-admission dependency in ADL, hypoalbuminaemia, lymphocytopaenia, co-morbidity and depression were, in decreasing order of magnitude, univariate correlates of mortality. Table 5 summarizes results from logistic regression analysis. The dependent variable of low caloric intake, i.e. a ratio of the actual to the needed caloric intake below the 25th percentile of the ratios distribution (= 40%), was predicted by only two admission variables: body mass index <22 kg/cm and preadmission dependency in ADL. The remaining four admission variables univariately correlated with caloric intake did not have predictive value. The statistical model predicting mortality included four independent predictors: an actual caloric intake below 40% of the required in the first 3 days of stay, pre-admission dependency in ADL, lymphocytopaenia and hypoalbuminaemia. (The independent variable 'caloric intake' entered in the logistic analysis having death as the dependent variable was computed on the first 3 days of the stay rather than over the whole stay to obtain a predictive factor rather than a simple correlate of mortality.) 
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Discussion
This study shows that geriatric patients are at high risk of starvation in the acute-care hospital. No difference in the quality of nutritional support was found among medical, geriatric and surgical wards. As the measurement of calorie intake included both enteral and parenteral supplementations, it can be inferred that patients eating insufficiently were not provided with adequate supplementation. This finding is of great concern because starvation was proved to predict mortality independently of protein-calorie malnutrition. Accordingly, the commonly reported correlation between malnutrition and in hospital mortality and complications might partially be mediated by inadequate nutritional support. The favourable effect of nutritional intervention in selected medical and surgical populations further supports this hypothesis [11] [12] [13] [14] [15] . Pre-admission dependency in ADL was the second strongest predictor of mortality after caloric intake. This confirms that functional limitations have a leading prognostic role in geriatric patients with acute medical or surgical problems [6, 30] . Furthermore, functional dependency qualifies as a predictive "Dependency in at least one activity of daily living (ADL). ""Average daily caloric intake < 30% of that needed in the first 3 days of stay. c Lymphocytes <1000 mm 3 on admission. d Serum albumin <3.5 g/dl on admission. e Body mass index on admission. CI, confidence interval; SD, standard deviation. variable because it can be measured on admission, whereas the caloric intake has to be computed by measuring and averaging the caloric intakes of the first 3 days of stay. Lymphocytopaenia was a slightly stronger predictor of death than hypoalbuminaemia probably because it not only reflects nutritional status but also occurs in severe infectious and non-infectious diseases [31] .
We studied patients over 70, i.e. at high risk of complications of malnutrition. Geriatric patients are characterized by impaired homeostatic mechanisms and, possibly, by decreased efficiency of oxidative metabolism [32] . A loss of muscle protein occurs with ageing, which may limit the reserve of keto-amino acids (used as gluconeogenic precursors or to be converted to tricarboxylic-cycle intermediates in critical conditions [33, 34] ). Furthermore, insulin resistance is a well-known feature of ageing [35] . Thus, the low caloric intake can be compensated less efficiently than in the younger adult patient. As very old patients constitute an increasing proportion of the admissions to acute care [36] , lack of attention to their nutritional needs might be one of the main factors limiting quality of care.
Paradoxically, severely malnourished patients had the most marked nutritional depletion. Poor awareness by staff of malnutrition and of nutritional needs are probably the main reasons for this finding. Furthermore, logistical problems might partially account for the strong relationship between pre-admission physical dependency and starvation: in a typical medical ward of our hospital four nurses and three assistants are present in the morning shift and only four of them can assist patients at meals, whereas on average 15 out of 35 patients require some help with feeding. A similar ratio of helpers to disabled patients characterizes the afternoon shift. The ratios were slightly better in the surgical wards.
The direct relationship between MMSE score and caloric intake might be merely associative because 66% of patients having MMSE <21 were dependent in one or more ADLs. Results from logistic regression analysis are consistent with this interpretation: dependency but not mental deterioration was an independent predictor of starvation. However, there may be an association between dementia and anorexia, and lack of attention to nutritional problems in demented patients might have strengthened the relationship between dependency and in-hospital starvation [37] .
In the present study we did not explore the possibility that dissatisfaction with the diet could have accounted for inadequate nutritional intake. This hypothesis has recently been proved in geriatric patients hospitalized for acute medical problems [17] . Whether the same conclusion applies also to surgical patients remains to be seen.
This study has some limitations. First, the definition of severe underfeeding represents a statistically convenient rather than a biologically founded method of grouping the patients. Thus, a different threshold of the actual to necessary caloric intake might have better identified patients with the most adverse consequences of underfeeding. Secondly, nutritional depletion should be even more severe if the energy requirement were corrected with a stress factor in surgical patients. Such a correction was not systematically adopted because it seems to be necessary only for those patients who experience severe pre-operative weight loss or intra-operative or postoperative complications [34] . Thirdly, our conclusions cannot be generalized to the whole population with acute medical or surgical problems because terminally ill patients were excluded. Finally, the interpretation of nutritional data might be confounded by the higher prevalence of patients receiving total parenteral nutrition in surgical wards. However, the ratio of the actual to the required caloric intake did not distinguish the 41 surgical patients given total parenteral nutrition from the remaining 35 (64 ± 33 versus 59 ± 38; not significant). The relatively short duration of courses of total parenteral nutrition might partially account for this finding. Only an intervention study will definitively prove that unconnected malnutrition, rather than malnutrition itself, affects the prognosis in acute-care hospitals.
These limitations do not detract from the message of this study: nutrition in the acute-care hospital is frequently inadequate, and nutritional depletion occurs mainly in the most frail patients and affects their prognosis. Nutritional support should be a routine component of medical care everywhere. Improving the knowledge of nutritional needs and nutritional support is probably one of the main objectives to pursue in medical education.
